Background: The objective of our study was to examine the clinical factors associated with bone microarchitecture in Koreans. To the best of our knowledge, only a few studies have investigated these factors. Methods: Data from patients who underwent a dual-energy X-ray absorptiometry scan at Seoul National University Hospital health promotion center between November 2014 and March 2015 were collected. The study population was divided into 2 groups, according to the patient's trabecular bone score (TBS) as follows: normal TBS ≥1.35 (n=700) and low TBS <1.35 (n=154). Intergroup comparison was carried out using the Student t-test and chi-square test. Logistic regression analysis, adjusted for age and body mass index (BMI), was applied to investigate the factors associated with TBS. Results: Data from 854 men and women were analyzed. Our results showed that TBS was inversely associated with age, BMI, waist circumference, serum phosphorus level (P), serum alkaline phosphatase level (ALP), serum C-terminal telopeptide (CTX), serum triglycerides (TG), serum C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and white blood count (WBC). Bone mineral density (BMD) was positively related to TBS. BMD, waist circumference, and serum ALP had an association with TBS in both men and women, after adjusting for age and BMI. Conclusion: Our findings suggest that obese patients (especially those with abdominal obesity) have worse bone microarchitecture. Serum P, ALP, CTX, TG, CRP, ESR, and WBC might have a negative association with TBS. Further studies are needed to clarify these findings.
INTRODUCTION
Osteoporosis is defined as a skeletal disorder that compromises bone strength and increases risk of fracture 1) . Bone mineral density (BMD) and microarchitecture are major determinants of bone strength. BMD can be measured by dualenergy X-ray absorptiometry (DEXA), but the equipment for skeletal microarchitecture analysis is not routinely available. Trabecular bone score (TBS) has recently been developed, using 2-dimensional X-ray images to estimate bone microarchitecture [2] [3] [4] [5] [6] [7] . TBS is an analytical tool that performs grey-level texture measurements on DEXA scan images and captures information relating to trabecular bone microarchitecture. Low TBS is associated with increased risk of fracture that is independent of BMD. Recent improvements in the TBS include a predictive value for bone fracture independent of the Fracture Risk Assessment algorithm 8) . TBS can be retrospectively calculated from already existing DEXA scan images using special software 9) . To the best of our knowledge, only a few studies have reported on the clinical factors associated with TBS [10] [11] [12] . One study reported that recent glucocorticoid use, rheumatoid arthritis, prior major fracture, chronic obstructive pulmonary disease, higher body mass index (BMI), and high alcohol intake are associated with lower TBS 11) . Another study suggested that more visceral and less subcutaneous fat could adversely affect TBS 12) . Therefore, our study specifically concentrated on describing the clinical factors related to TBS that are part of our health promotion center data.
MATERIALS AND METHODS

Subjects
Data from patients who underwent a DEXA scan at Seoul National University Hospital health promotion center between November 2014 and March 2015 were collected. The age of the participants ranged from 22 to 94 years.
Methods
TBS measurements of the already stored spine DEXA scans (Lunar Prodigy Advance; General Electric Medical Systems, Milwaukee, WI, USA) were retrospectively performed using TBS iNsight ver. 2.1 (Medimaps group, Bordeaux, France).
The following patient characteristics were collected: age, sex, BMI, mean lumbar spine (L1-L4) BMD, fat ratio, waist circumference, blood pressure, fasting plasma glucose, serum calcium, serum phosphorus, serum total proteins, serum albumin, serum alkaline phosphatase, serum aspartate aminotransferase, serum alanine transaminase, serum total cholesterol, serum triglyceride, serum high-density lipoprotein (HDL) cholesterol, serum low-density lipoprotein (LDL) cholesterol, serum C-reactive protein, erythrocyte sedimentation rate (ESR), white blood cells count, serum glycated hemoglobin, serum free thyroxine, serum thyroid stimulating hormone, serum osteocalcin, serum 25(OH) vitamin D, and serum C-terminal telopeptide. Waist circumference was measured horizontally at the level of the umbilicus. Fat ratio was measured by bioelectrical impedance analysis. Serum was collected after overnight fasting, and standard biochemical methods were used. Data about current alcohol consumption status were obtained through questionnaires.
The population was divided according to TBS into 2 groups, normal TBS group ≥1.35 (n=700), and low TBS group <1.35 (n= 154) 13) . Intergroup comparisons were undertaken using Student t-test and chi-square test. Logistic regression analysis, adjusted for age and BMI, was carried out to investigate the factors associated with TBS. Stata ver. 14.0 (StataCorp LP, College Station, TX, USA) was used for statistical analysis. Subgroup analyses, according to both sex and age, were performed. This study was approved by the Seoul National University Hospital Institutional Review Board (approval number: 1508-133-697). Informed consent was not obtained from individual participants included in this study.
RESULTS
Data from 854 patients (63% male and 37% female patients) were analyzed. Baseline characteristics of the study population are shown in Logistic regression analysis, adjusted for age and BMI, indicated that height and weight were significantly associated with TBS, but only in women (Table 2) , whereas fat ratio, P, TG, and WBC were significant factors only in men. BMD, waist circumference, and ALP showed an association with TBS in both men and women, after adjusting for age and BMI. Blood pressure, HbA1c, serum albumin, CRP, ESR, and CTX showed no statistically significant association with TBS after adjusting for age and BMI (Supplementary Tables 1 and 2) .
DISCUSSION
This study demonstrated that TBS had a negative association with age, BMI, waist circumference, and ALP, while it had a positive association with BMD.
A previous study reported findings of age-related decline in lumbar spine TBS as well as an association between higher BMI and reduced TBS 11) . Our findings were in line with this study. The adverse effects of obesity on TBS were previously studied. In a study by Kim et al. 12) an association between waist circumference and TBS was shown. They investigated the association between regional fat deposits and skeletal microarchitecture in 1,474 postmenopausal women; they found that TBS had a negative association with waist circumference (p<0.001). A recent study by Lv et al. 14) suggested that fat mass may have adverse effects on bone microstructure. The researchers explained that inflammatory cytokines (including interleukin-6 and tumor necrosis factor-α) from visceral fat can affect osteoclast differentiation and bone resorption. Our data cannot distinguish visceral fat from subcutaneous fat, but mean BMI are high normal to overweight. Our findings were consistent with these studies, highlighting the worse bone microarchitecture in patients with obesity, especially those with abdominal obesity. To the best of our knowledge, no previous studies reported that increasing P and ALP were associated with a decrease in TBS. P is well known as an essential component of bone, and bone-specific ALP is widely regarded as a clinically useful marker of bone formation.
CTX showed a statistically significant association with TBS on univariate analysis. Nevertheless, since only 481 patients had available measurements of serum CTX level, this association became insignificant after adjusting for other clinical factors. CTX is a marker of bone resorption 15) . A study by Muschitz et al. 16) showed a statistically significant association between CTX and trabecular number on multivariate regre- ssion analysis. More studies are needed to reach an exact, conclusive statement about the clinical application of P, ALP, and CTX in relation to bone microarchitecture. A Canadian study suggested that reduced lumbar spine TBS was associated with high alcohol intake 11) ; however, our results did not show such an association. Possible explanations for this discrepancy include: (1) we used a questionnaire while the Canadian study used longitudinal health service records with specific diagnostic codes, and (2) there was a relatively high prevalence of alcohol abuse in the Canadian study group, in contrast to our relatively healthy population. Further work is needed to determine whether alcohol intake affects lumbar spine TBS.
Some clinical factors showed variable effects on TBS depending on sex. Our study showed that height and weight have a negative association with TBS in women, while a positive association with TBS was shown in another study 12) . As far as we know, the association of TG and WBC with TBS in men was not previously studied. We do not have a mechanistic explanation for this discrepancy, and further work is needed.
CRP and ESR showed an overall positive association with TBS after adjusting for age and BMI, but with no statistical significance in the subgroup analysis. Although, we do not have a mechanistic explanation for this discrepancy, the possible causes include: (1) the bias and random errors resulting from the small number of healthy study participants (n=854), especially in the subgroup analysis, and (2) previous studies showed that the fat component and inflammation could result in bone microarchitecture degradation 12, 14, 17) . Further work is needed to determine whether dyslipidemia and inflammatory markers have an association with lumbar spine TBS.
The inequality in the number of participants in each group is a limitation of our study. Data regarding past medical history, medication, and alcohol consumption status were collected from self-reported questionnaires, and the response rate was low. The amount of alcohol consumption could not be verified. This study was a retrospective analysis conducted at a single healthcare center, and most of the participants were Koreans and relatively healthy individuals. These were the limitations of this study.
In conclusion, our findings suggest that obese patients (especially those with abdominal obesity) have worse bone microarchitecture. Serum P, ALP, CTX, TG, CRP, ESR, and WBC might have a negative association with TBS. Further studies are needed to clarify our findings.
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